Subsequently, the right atrium (RA) has to contract against a higher afterload, but it is unknown to what extent ventricular dysfunction has an effect on the atrial contractility. We hypothesized that right ventricular pressure overload may have an affect on atrial contractility and Ca 2ϩ transport protein expression. Therefore, we induced pressure overload of the right ventricle by PAB for 10 wk in rabbits and examined the changes in the expression of Ca 2ϩ transport proteins in the atrium. We demonstrate that PAB significantly decreased the expression of sarco(endo)plasmic reticulum Ca 2ϩ -ATPase (Serca) 2a while expression of Na ϩ /Ca 2ϩ exchanger-1 was significantly upregulated in the RA but not in the left atria of rabbit hearts, indicating that pressure is the major trigger. A decrease in Serca2a expression was concomitant with a significant decrease in sarcolipin (SLN), possibly indicating a compensatory role of SLN. The decreased expression of SLN was unable to completely restore sarcoplasmic reticulum Ca 2ϩ uptake function of Serca2a. Functional contractile assessments in isolated trabeculae showed no difference between PAB-and sham-operated rabbits at 1 Hz but displayed an enhanced force development at higher frequencies and in the presence of isoproterenol, while twitch timing was unaffected. Our results indicate that right ventricular mechanical overload due to PAB affects the expression of the Ca 2ϩ -handling proteins in the RA in rabbits.
, the contractile function of right ventricle diminishes over time. Subsequently, the right atrium (RA) has to contract against a higher afterload, but it is unknown to what extent ventricular dysfunction has an effect on the atrial contractility. We hypothesized that right ventricular pressure overload may have an affect on atrial contractility and Ca 2ϩ transport protein expression. Therefore, we induced pressure overload of the right ventricle by PAB for 10 wk in rabbits and examined the changes in the expression of Ca 2ϩ transport proteins in the atrium. We demonstrate that PAB significantly decreased the expression of sarco(endo)plasmic reticulum Ca 2ϩ -ATPase (Serca) 2a while expression of Na ϩ /Ca 2ϩ exchanger-1 was significantly upregulated in the RA but not in the left atria of rabbit hearts, indicating that pressure is the major trigger. A decrease in Serca2a expression was concomitant with a significant decrease in sarcolipin (SLN), possibly indicating a compensatory role of SLN. The decreased expression of SLN was unable to completely restore sarcoplasmic reticulum Ca 2ϩ uptake function of Serca2a. Functional contractile assessments in isolated trabeculae showed no difference between PAB-and sham-operated rabbits at 1 Hz but displayed an enhanced force development at higher frequencies and in the presence of isoproterenol, while twitch timing was unaffected. Our results indicate that right ventricular mechanical overload due to PAB affects the expression of the Ca 2ϩ -handling proteins in the RA in rabbits.
calcium ion transport proteins; pressure overload; sarcoplasmic reticulum CARDIAC HYPERTROPHY IS AN adaptive response of the heart that occurs in response to a requirement for increased contractile power and pressure-volume work (12, 39) . Most common among these is pressure overload hypertrophy wherein the ventricular wall is grossly thickened in the absence of chamber enlargement. It is associated with an increase in myocyte cross-sectional area relative to cell length, with parallel deposition of sarcomeres (30) . It involves changes at the level of gene transcription, stimulation of the rate of protein synthesis, and increased assembly of myofibrils. The sarcoplasmic reticulum (SR) is an important determinant of cardiac contractile and relaxation function in hypertrophied hearts by virtue of its ability to regulate intracellular free Ca 2ϩ concentrations (1, 22, 24) . The SR serves as a source for Ca 2ϩ by releasing Ca 2ϩ through a Ca 2ϩ release channel, the ryanodine receptor (25) . It also serves as a sink during muscle relaxation, which is brought about by SR Ca 2ϩ -ATPase (SERCA) at the cost of ATP (31) . The majority of Ca 2ϩ transported in the SR lumen is bound to the calsequestrin (CASQ), a high-capacity, moderate-affinity, Ca 2ϩ -binding protein. The heart muscle expresses primarily the cardiac/slowtwitch muscle isoform of SR Ca 2ϩ -ATPase (Serca2a). Serca2a activity is under inhibitory control of phospholamban (PLB), and phosphorylation of PLB relieves this inhibition (13, 29) . Recent studies have shown that, in addition to PLB, sarcolipin (SLN) could also play an important role in the regulation of Serca pump activity (2) (3) (4) . SLN has been shown to be expressed more abundantly in the atria compared with the ventricle (5). During muscle relaxation, some Ca 2ϩ is also removed to extracellular milieu by the Na ϩ /Ca 2ϩ exchanger (NCX) to maintain cellular Ca 2ϩ homeostasis (8) . Therefore, it is evident that a precise control of Ca 2ϩ cycling plays a key role to preserve normal contractile beat-to-beat activity of the cardiac myocyte; abnormal Ca 2ϩ handling may significantly contribute to the contractile dysfunction.
Given that Ca 2ϩ -handling proteins play a major role in controlling intracellular Ca 2ϩ levels, we hypothesized that the expression of these proteins may be altered in the right atrium (RA) following right ventricular pressure overload. We studied the rabbit because of their similarity to humans in cycling roughly 70% of the Ca 2ϩ transient through the SR, and the rest via transmembrane processes (mainly L-type Ca 2ϩ channel and NCX; see Ref. 8) . Also, myofilament isoforms, such as the myosin heavy chain, are similar in human and rabbit, and at the molecular level, the rabbit atria and ventricle closely parallels that of the human heart (32) . Results from the study demonstrate that expression of Serca2a was significantly downregulated while NCX-1 was significantly upregulated in the RA of rabbits subjected to pulmonary artery banding (PAB). The expression of SLN was significantly downregulated in the RA of PAB rabbits while expression of PLB and phosphorylation status of PLB both at Ser 16 and Thr 17 was unchanged. The decreased expression of Serca2a was concomitant with a significant decrease in the Ca 2ϩ uptake function in the RA. Interestingly, despite these protein level changes, overall, no loss of contractile function was observed, and the PAB atrial muscles displayed an enhancement of function at high frequency and in the presence of isoproterenol.
MATERIALS AND METHODS
Pressure overload by PAB. All surgical procedures were completed in accordance with the Institutional Animal Care and Use Committee and National Institutes of Health guidelines. Right ventricular hypertrophy was induced by PAB in the rabbit. This model has previously been used by several groups (9, 37) and has been established in the laboratory. In line with previous reports, we also find that pressure To establish PAB, male New Zealand White rabbits (2-3 mo old, ϳ2 kg wt) were premedicated with acepromazine (1.25 mg/kg) administered subcutaneously ϳ30 min before anesthetizing with isoflurane (rate of 2.5-5.0%) as needed. Animals received 100% oxygen (rate of 400 -600 ml/min) through a loose-fitting mask. Rabbits were placed in dorsal recumbency, and surgical anesthesia was confirmed by the absence of the pedal reflex. Chloramphenicol (30 mg/kg) was administered subcutaneously before surgery. After opening of the thorax, the pulmonary artery was constricted to 3.2 mm (outer diameter) using a sterile tube as a gauge at the origin of the vessel. Ligatures were performed using monofilament polypropylene suture. The muscle layers and the skin were sutured closed, and, after recovery, rabbits were given a postoperative dose of buprenorphine (0.01 mg/kg) intramuscularly. Chloramphenicol (30 mg/kg) was given subcutaneously 12 h from the first preoperative dose and again the following morning. The weights and body temperature of each rabbit were monitored and recorded 7 days postoperatively. Sham-operated rabbits were treated and handled identically, with the sole omission of placing the band around the pulmonary artery. The rabbits were kept 10 wk postsurgery (no rabbits died postoperatively) and killed, the hearts were harvested, and tissue was frozen immediately for protein expression analysis.
Western blots analysis. The atrial tissues from both sham-operated and PAB rabbits were dissected in a Krebs-Henseleit solution and quickly frozen in liquid nitrogen. The total tissue homogenate was prepared, and Western blot analysis was carried out as described earlier (5) . Briefly, tissue homogenates containing equal amount of proteins were resolved by performing SDS-PAGE on different gel concentrations [10% for Seca2a and CASQ, 9% for NCX-1, 15% for atrial natriuretic peptide (ANP), 12% for troponin I (TnI), 14% for PLB, Ser 16 phospho-PLB and Thr 17 phospho-PLB] and transferred to a nitrocellulose membrane. To detect SLN expression, tissue homogenates were electrophoretically separated on a 16% tricine gel and transferred to a nitrocellulose membrane. Membranes were probed with the following primary antibodies: Serca2a, SLN, and PLB (Zymed), CASQ and NCX-1 (Affinity Bioreagents), ANP (Santa Cruz Biotechnology), TnI (Fitzgerald Industries International), Ser 16 PPLB and Thr 17 PPLB (Badriella) followed by horseradish peroxidase-conjugated secondary antibody. Signals were detected by Super Signal West Dura substrate (Pierce) and quantified by densitometry.
Ca 2ϩ uptake assay. The RA from both PAB and sham-operated rabbits were used for Ca 2ϩ uptake assays using Millipore filtration technique as described previously (16, 20) . The tissues were homogenized in 8 vol of protein extraction buffer containing (in mM) 10 imidazole (pH 7.0), 300 sucrose, 10 NaF, and 1 EDTA. The tissue homogenates (150 g) from atria were incubated at 37°C in a 1.5-ml Ca 2ϩ uptake medium containing (in mM) 40 imidazole (pH 7.0), 100 KCl, 5 MgCl2, 5 NaN3, 5 potassium oxalate, 0.5 EGTA, and various concentrations of CaCl2 (1 Ci/mol 45 Ca 2ϩ ) to yield 0.03-3 M free Ca 2ϩ as determined by the computer program described earlier (20) . To obtain the maximal stimulation of SR Ca 2ϩ uptake by inhibiting the SR Ca 2ϩ release channel, 1 M ruthenium red was added immediately before the addition of the substrates to begin the Ca 2ϩ uptake. The reaction was initiated by the addition of 5 mM ATP and terminated after 1 min by filtration. The rate of Ca 2ϩ uptake and the Ca 2ϩ concentration required for half-maximal velocity of Ca 2ϩ uptake (pCa50) were determined by nonlinear curve-fitting analysis using Graph Pad PRISM 4.0 software. Muscle contractility. After the heart was rapidly excised, ultra thin trabeculas (dimensions: 120 -150 m wide, 70 -90 m thick, and 2/3.5 mm long) were dissected from the RA of both PAB and sham-operated rabbits. Muscles of this size were chosen to avoid core hypoxia that will be present in muscles greater than ϳ150 m thick (34) . The muscles were dissected in a Krebs-Henseleit solution containing (in mM) 137 NaCl, 5 KCl, 1.2 MgSO4, 1.2 NaH2PO4, 20 NaHCO3, 10 glucose, and 0.25 CaCl2. Additionally, 20 mM 2,3-butanedione monoxime (BDM) was added to this solution to minimize cutting damage and to arrest the heart. Exposure to BDM for a short time has been shown to be reversible (28) . Muscles were mounted in the setup as previously described (44, 45) and stimulated at 1 Hz, which is slightly below their physiological resting rates, while perfused with an oxygenated Krebs-Henseleit solution, now without BDM and containing 2 mM Ca 2ϩ . The muscles were stretched until an increase in passive (diastolic) force was no longer accompanied by a substantial increase in developed force. The muscles were allowed time to equilibrate at 37°C (ϳ20 min, or until twitches were stable). Previous studies have shown this length (i.e., optimal length) to correspond to a sarcomere length of ϳ2.2 m, which approximates the end-diastolic sarcomere length in the in vivo beating heart (35) . Twitch amplitude, time-to-peak tension, and relaxation times were recorded under steady-state conditions. In addition to baseline contractility, we assessed the effect of different frequencies of stimulation, from 1 to 4 Hz by stimulating the muscle at these frequencies until forces had stabilized. Furthermore, we assessed the contractile response to ␤-adrenergic stimulation by performing a dose-response curve using isoproterenol (1 nM-1 M).
Statistics. All the data shown are means Ϯ SE. Comparison between the groups was performed by unpaired Student's t-test. A two-tailed value of P Ͻ 0.05 was considered statistically significant.
RESULTS
The increased pressure gradient in the ventricle ultimately resulted in atrial hypertrophy. We weighed the hearts and right atria and found that, in PAB heart, the right atrial weight was significantly greater than in sham rabbits (0.50 Ϯ 0.03 vs. 0.35 Ϯ 0.04 g, PAB, n ϭ 15 vs. sham, n ϭ 10, P Ͻ 0.01). Even when calculated as a fraction of total heart weight, this difference persisted; in PAB rabbits, the right atria accounted for 5.1 Ϯ 0.2% of the total heart weight vs. only 3.9 Ϯ 0.3% in the sham group (P Ͻ 0.01).
Expression of Ca 2ϩ -handling proteins in the atrial tissues of PAB-and sham-operated rabbits. To determine the expression of Ca 2ϩ -handling proteins, total protein prepared from atrial tissues of both PAB-and sham-operated rabbits was analyzed by Western blot analysis. Because expression of ANP has been reported to be increased by pressure overload (46), we first choose to examine the expression of ANP. Expression of ANP was significantly induced in the RA but not in the left atria (LA) of PAB rabbits (Fig. 1, A and C) . A significant upregulation of ANP protein was observed in the RA of PAB rabbits compared with RA of sham-operated rabbits (2.3-fold induction) (Fig. 1C) . Like expression of ANP, TnI, a thin filament protein, was significantly induced in the RA of PAB rabbits compared with RA of sham-operated rabbits (Fig. 1, A and C) .
We next examined the effect of PAB on the expression of Serca2a and NCX-1 proteins. The expression of Serca2a was significantly decreased (55% reduction) in the RA of PAB rabbits when compared with RA of sham-operated rabbits (Fig.  1, A and C) . Serca2a levels remained unchanged in the LA. A comparison of expression of NCX-1 protein revealed a significant upregulation (1.7-fold) in the RA but remained unchanged in the LA of PAB rabbit hearts (Fig. 1, A and C) .
Expression of PLB was unaffected in the RA of both sham-operated and PAB rabbits (Fig. 1A) . Western blotting with phoshospecific antibodies showed that the basal phosphorylation of PLB at Ser 16 and Thr 17 was comparable between PAB-RA and sham-operated RA (Fig. 1B) . The expres-sion of CASQ was not much different between sham-operated and PAB RA samples (Fig. 1A) .
We next choose to examine the expression of SLN in the atrial tissues of both PAB-and sham-operated rabbits using a rabbit polyclonal antibody (SLN-CTAb) (5). An abundance of SLN was observed in the rabbit atrial tissues that was significantly downregulated in the RA of PAB (32% reduction) compared with RA of sham-operated rabbits (Fig. 2, A and B) .
PAB decreases the rate of Ca 2ϩ uptake in the RA of rabbit heart. To determine whether PAB affected the SR Ca 2ϩ transport function, we measured rates of SR Ca 2ϩ uptake in total homogenates from RA of PAB-and sham-operated rabbits. The Ca 2ϩ uptake was significantly decreased in the RA of PAB rabbits compared with RA of sham-operated rabbits (Fig. 3) . The maximum velocity was significantly decreased in the RA of PAB rabbits compared with RA of sham-operated rabbits (sham ϭ 41.1 Ϯ 1.6 nmol Ca 2ϩ ⅐min Ϫ1 ⅐mg protein Ϫ1 ; PAB ϭ 24.0 Ϯ 2.4 nmol Ca 2ϩ ⅐min Ϫ1 ⅐mg protein
Ϫ1
; P Ͻ 0.05). On the other hand, there was a nonsignificant change (P Ͼ 0.05) in the pCa 50 value (Ϫlog [Ca 2ϩ ]) in the RA of PAB rabbits compared with that observed in RA of sham-operated rabbits (sham ϭ 6.75 Ϯ 0.02; PAB ϭ 6.74 Ϯ 0.09).
Contractile performance of isolated trabeculas. Trabeculas isolated from the RA of both sham-operated and PAB rabbits showed that, per cross-sectional area of muscle tissue, the 2ϩ uptake assays were performed using total atrial homogenates from 3 independent rabbits. developed forces at a stimulation frequency of 1 Hz at body temperature are similar (22.6 Ϯ 4.7 vs. 21.5 Ϯ 4.1 mN/mm 2 , PAB vs. sham, n ϭ 9/group). However, the PAB muscles showed a somewhat enhanced frequency-dependent activation of contraction and were significant at 3 and 4 Hz (Fig. 4) . Although average force development at different frequencies was somewhat enhanced in PAB muscles (Fig. 5A) , twitch kinetics, assessed as time from stimulation to peak tension and time from peak tension to 50% force decline, were not different between PAB and sham muscles (Fig. 5, B and C) . The response to isoproterenol was enhanced in PAB atrial muscles, whereas the EC 50 for isoproterenol was unchanged (Fig. 6) .
DISCUSSION
The present study demonstrated that pressure overload due to PAB has an adverse effect on the expression of Ca 2ϩ -handling proteins in the RA of the rabbit hearts. To our knowledge, this is the first report showing that the PAB affects the expression of Ca 2ϩ -handling proteins in the RA of rabbits. The overall results observed in the present study may be summarized as 1) a significant downregulation of Serca2a protein, 2) a significant upregulation of NCX-1, TnI, and ANP proteins, 3) a significant downregulation of SLN, 4) a significant decrease in the Ca 2ϩ uptake function in the RA of PAB rabbits, but 5) no apparent loss of contractile function, and unchanged twitch kinetics.
Previous studies have shown that the level of expression of Serca mRNA and the rate of SR Ca 2ϩ uptake (26) are diminished in pressure overload hearts. Conversely, there are reports showing that these parameters were enhanced (11) or unchanged with pressure overload (47) . Importantly, these studies were focused on the molecular and functional changes in ventricular chamber, and knowledge about changes in the atria following pressure overload is lacking. Therefore, it is important to examine whether the observed changes are seen only in the affected cardiac chamber or uniformly throughout the heart. The major finding of this study is that changes in protein expression are chamber specific, since PAB selectively affected the expression of Ca 2ϩ -handling proteins only in the RA and not in the LA. This finding may have important clinical relevance, since right ventricular pressure overload over time may affect right atrial gene expression and can contribute to muscle dysfunction. Our finding also suggests that changes in protein expression are directly related to mechanical stress because such changes were not observed in the LV (K. D. Varian et al., unpublished observation). Interestingly, our data Fig. 4 . Raw recordings of a single sham trabecula (A) and a single trabecula from a PAB heart (B). In both groups, as can be seen from the representative traces, diastolic force remained completely unaltered, even at the highest frequency, indicating no relaxation disorders. Fig. 5 . Contractile performance of atrial trabeculas from PAB and sham rabbits. A: active developed force at 1-4 Hz shows near-equal forces at 1 Hz and a significantly higher force at 3 and 4 Hz. B: time-to-peak tension (TTP) was abbreviated with frequency equally in PAB and sham trabeculas. C: relaxation, assessed as time from peak tension to 50% relaxation (RT50) became faster with frequency; no differences were observed between the two groups.
suggest that changes in protein expression can be seen even before the onset of severe muscle dysfunction can be observed.
We found that the expression of Serca2a was decreased in the RA of PAB rabbits. Previous studies have demonstrated that mRNA levels of Serca2a in the atria are decreased by mechanical stress (33, 38) , which is consistent with data from many studies investigating the change in Secra2a transcripts in the pressure or volume-overloaded ventricles (10, 23, 26, 42) . Also, Bauer et al. (7) demonstrated that, in the pig ventricle, in a similar model, mRNA levels of Serca decrease and mRNA levels of atrial natriuretic factor (ANF) increase. Our findings add to these observations that the pressure overload on the ventricle causes a stress on the atrium, resulting in similar molecular-level changes. In addition, we assessed the changes at the protein level, rather than the mRNA level, where changes often do not reflect the quantitative alterations in actual protein levels. The role of SLN expression in PAB animals is less understood. Recently, Shimura et al. (41) showed that SLN mRNA was downregulated in the atrial myocardium of mice due to pressure overload. Currently, there are no protein data available to validate the importance of SLN in PAB rabbits. Our observations now indicate a downregulation of SLN protein in the RA of PAB rabbits. Both SLN and its homolog PLB are regulatory proteins that inhibit SR Ca 2ϩ -ATPase, resulting in decreased cardiac relaxation (15) . Dephosphorylated PLB is an inhibitor of Serca activity, and phosphorylation relieves this inhibition (43) . This inhibition has been suggested to involve direct protein-protein interaction followed by conformational changes in the SR Ca 2ϩ -ATPase, resulting in a decrease in the affinity of the pump for Ca 2ϩ (21) . Because SLN is abundant in the atria, Serca2a/SLN stoichiometry may be an important determinant of atrial functions. The significant downregulation in the expression of SLN as observed in the atria may be a compensatory response to a decrease in Serca2a levels. However, the depressed SLN did not completely restore Ca 2ϩ uptake by Serca2a, since a significant decrease in the maximum velocity of Ca 2ϩ uptake was still observed in the PAB rabbits. Because PLB is the major component of ventricle, an insignificant change observed in the level of PLB and phospho-PLB in the atria of PAB rabbit is not unlikely. SLN has a conserved threonine (Thr 5 ) residue at the NH 2 -terminus that can be phosphorylated by serine/threonine kinases such as calmodulin kinase II (6) . Because of nonavailability of a specific antibody, we could not detect the level of phospho-SLN in PAB rabbit. Future studies may be directed to assess the changes in the SLN phosphorylation, if altered by pressure overload.
Despite the lower levels of Serca, time-to-peak tension and time to 50% relaxation were not significantly changed. The upregulated levels of NCX may thus potentially be sufficient to ensure adequate Ca 2ϩ removal from the cytosol. This is in line with a finding by Hasenfuss et al. (18) , who observed that, in failing human hearts where NCX was upregulated, diastolic function was better preserved. Little is known regarding the impact of Serca expression levels on the force-frequency relationship in atrial tissue. An elegant study by Schotten et al. (40) showed that, in patients with atrial fibrillation, the positive force-frequency relationship was preserved. Although they did not observe a decrease in Serca levels, in close agreement with our work, they show a robust upregulation of NCX, resulting in an increase in the NCX-to-Serca ratio. Thus, both in patients [Schotten et al. (40) ] and in rabbits in diseased states, the atria (unlike the ventricles) are able to maintain a positive forcefrequency relationship.
Despite the changes on the molecular level, no functional changes in developed force were observed in isolated trabeculae. It is, however, known that, particularly at resting levels, contractile function is compensated to maintain normal levels of contractile developed force, and this observation is in agreement with several human isolated muscle studies at resting rates (0.5 or 1 Hz), in which twitch developed force under conditions close to those used in our studies (1 Hz and 37°C) are not significantly depressed (17, 19, 36) , and have similar time-to-peak tension and half-relaxation in failing vs. nonfailing myocardium. More surprisingly was that, at faster pacing rates, PAB muscles continued to outperform sham muscles, a finding in significant contrast to ventricular failing tissue (17, 19, 36) . Both at higher pacing rates (but still within the physiological range of the animal) and in the presence of isoproterenol, force production was enhanced in PAB atrial muscles. Thus the compensation that is present in ventricular tissue at low rates, at least in this stage of the atrial myocardium, seems to be likewise preserved at higher pacing rates, and the enhanced contractility may stem from this compensatory mechanism. Two recent studies show that, even when the Serca is completely blocked in isolated muscles, the rabbit continues to display a positive force frequency behavior (27) and that complete pharmacological knock out of Serca in working rabbit hearts preserves ventricular contractile function for the largest part (14) . Thus a change in Serca expression may not necessarily lead in a large alteration of contractile behavior in the rabbit. If SR load, and subsequent release, is decreased, it could be that the inactivation of the L-type Ca 2ϩ channel is less effective, leading to a greater influx of Ca 2ϩ , potentially aiding in contraction. The upregulated levels of NCX observed may, in this atrial tissue at this stage of compensatory hypertrophy, be sufficient to maintain diastolic function. Furthermore, the higher levels of NCX may promote increased reverse mode during high pacing, potentially con- tributing to the contractile effects observed. In ventricular myocardium, this compensatory mechanism is incompletely understood as well, and future studies aimed in this direction are needed to further address this observation, as well as what modulated the increase isoproterenol effect in this stage of compensatory hypertrophy in the atria.
In conclusion, the present study demonstrates that PAB has the ability to alter the expression of Ca 2ϩ -handling proteins of rabbit atrium. Because pressure overload may be a milestone in the pathophysiological progression of heart failure, knowledge of the levels of proteins involved in SR function is important to understand the pathophysiology of the failing heart and to develop new therapeutic strategies for the treatment of heart failure. The findings showing that SLN expression is diminished in the RA of PAB rabbits suggest that SLN may be a regulator of the Serca2a. However, future studies are needed to further identify the regulatory mechanisms that control expression of these molecules in PAB heart, as well as the compensatory mechanisms that preserve contractile function in light of the protein level changes observed at this stage of the model.
